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ABSTRACT 
During the 12-month period, emphasis was placed on (1) determining 
t h e  hydroxyl conten t  of MgO by mass spec t ro j r aph ic  and chemical decomposition 
techniques i n v e s t i g a t i n g  the e f f e c t  of s eve ra l  means of causing t h e  decomposi- 
t i o n ,  (2) s tandard iz ing  the mass spectrograph by s u i t a b l e  cross-check da ta ,  
(3) studying the  e f f e c t s  of storage time, degree of subdivis ion,  and hea t ing  on 
the carbon va lue  as determined by combustion, ( 4 )  optimizing the  sample prepara- 
t i o n  f o r  mass spectrographic  use ,  and (5) i nc reas ing  the  accuracy of the  mass 
spec t rograhic  technique by severa l  means. 
made i n  a l l  these  a reas ,  but  the  hydroxyl and carbon determinat ions remain 
the  most troublesome. 
S i g n i f i c a n t  progress  has  been 
t . 
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FOR ADVANCED MATERIALS 
TECHNIQUES 
bY 
E. R. Blosser 
INTRODUCTION 
The determinat ion of i m p u r i t i e s  i n  r e f r a c t o r y  ma te r i a l s  i s  o f t e n  
more d i f f i c u l t  than i n  single-element mat r izes .  I n  some ins t ances  the  
r e f r a c t o r y  may be extremely hard  or  i n so lub le ,  l ead ing  t o  problems when 
chemical o r  o p t i c a l  emission techniques a r e  employed. Magnesium oxide,  
the  m a t e r i a l  s e l ec t ed  by the  former t echn ica l  r ep resen ta t ive  of t h i s  p r o j e c t ,  
D r .  Martin Leipold, p re sen t s  nei ther  problem. However, i t  i s  an i n s u l a t o r  
and the re fo re  can be sparked d i r e c t l y  i n  the  mass spectrograph only w i t h  
d i f f i c u l t y ,  i f  a t  a l l .  This  r equ i r e s  that the  samples be b r ique t t ed  with . 
a conductor or  sparked aga ins t  a conducting counter  e l ec t rode .  The spec t r a  
a r e  the re fo re  a composite o f  t he  sample and the  added conductor. Determination 
of the  r e l a t i v e  amounts of t hese  t w o  components i s  the re fo re  necessary f o r  
q u a n t i t a t i v e  work, but  t h i s  i s  not easy  t o  accomplish i n  p r a c t i c e .  Early 
i n  t h i s  program e f f o r t s  were made t o  reduce the  e r r o r s  from t h i s  source.  
Soon a f t e r  work w a s  begun i t  became c l e a r  t h a t  the  determinat ion 
of OH i n  MgO w a s  a major problem. 
e x t r a c t i o n  a t  temperatures above the decomposition temperature of MgOH. 
Accordingly, a major p a r t  o f  the research  e f f o r t  w a s  p u t  i n t o  devis ing  means 
of ob ta in ing  a t r u e  value f o r  t h e  OH. Although the  problem i s  not  y e t  solved, 
a t  l e a s t  one technique shows promise  of being s a t i s f a c t o r y .  
It i s  no t  determined by the  usua l  h o t  
Carbon i s  another  problem a rea ,  but  i t s  importance i n  MgO i s  not  
bel ieved t o  be s o  g r e a t  a s  i s  OH. Therefore,  less e f f o r t  was spent  on developing 
r e l i a b l e  techniques fo r  t h i s  element. 
I '  - 2- 





Other elements a re ,  i n  general ,  more e a s i l y  determined q u a n t i t a t i v e l y  
by one o r  more means. 
u n i v e r s a l i t y ,  i s  wel l  su i t ed  f o r  the task .  
q u a n t i t a t i v e  da t a ,  and t h i s  aspec t  i s  proceeding wel l .  
The mass spectrograph, because of i t s  s e n s i t i v i t y  and 
The major problem i s  i n  obta in ing  
The experimental  work and the  d a t a  obtained a r e  given i n  the sec t ion  
t h a t  f 01 low. 
EXPERIMENTAL WORK 
General Studies  Related t o  the  
Mass Spectrographic Analysis of Magnesium Oxide 
# 
Sparking of I n s u l a t o r s  
I n s u l a t i n g  powders such as MgO presen t  an i n i t i a l  obs tac le  t o  a 
mass spectrographic spark-source ana lys i s .  Their extremely h igh  r e s i s t i v i t y  
has  forced t h e  ana lys t  t o  employ var ious  techniques t o  ob ta in  a spark d i s -  
charge and thus an ion beam. These techniques have included "piggy back" 
mounting of a conductor and the  s o l i d  i n s u l a t o r  s ide  by s ide ,  b r i q u e t t i n g  
the  powder with a conductive binder, us ing  a conductive counter  e l ec t rode  
t o  spark d i r e c t l y  to  a s o l i d  in su la to r ,  and sparking two i n s u l a t o r s  d i r e c t l y  
by employing high r f  vo l tages .  
s a t i s f a c t o r y .  
ionized and recorded per  given exposure, and introduce i n t o  the  spec t r a  
impur i t i e s  present  i n  the  d i l u e n t .  They a l s o  may cause i n t e r f e r e n c e s  from 
complex and mul t ip ly  charged ions.  
techniques have the  above disadvantages p lus  the  very real  problem of an 
unknown and varying r a t i o  between the  quan t i ty  of sample ions  and the  
q u a n t i t y  of conductor ions  being produced and recorded a t  any moment. 
None of these techniques i s  completely 
Diluents  or  conductive b inders  reduce the  amount of sample 
"Piggy-back" and counter -e lec t rode  
E f f o r t s  t o  reduce these  problems have been made. Reduction and 
e l imina t ion  of the  binder  (Ag) was attempted f i r s t ,  wi th  poor r e s u l t s .  
b r i q u e t t e s  prepared with no binder f a i l e d  t o  spark and were very weak mechan- 
i c a l l y .  Built-up e l ec t rodes ,  with a t h i n  l aye r  of MgO backed up with pure Ag, 
tended t o  f l a k e  o f f  the  MgO laye r  and a l s o  produced an unexpectedly l a rge  
MgO 
I 
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amounts of Ag i n  the spec t r a .  Direct  sparking of two s o l i d  samples met with 
no success ,  even a t  open-c i rcu i t  vol tages  up t o  80 kv. Other l a b o r a t o r i e s  
have repor ted  some success  with t h i s  technique, but  i t  was not  poss ib l e  t o  
dup l i ca t e  t h e i r  r e s u l t s  i n  the  present  research .  
Powdered MgO as b r ique t t e s  mixed 2: l  or  1:l Ag:MgO spark n i ce ly  and 
the Ag:Mg ion  r a t i o  seems f a i r l y  reproducible and cons tan t ,  a t  least f o r  sho r t  
exposures, i n  which i t  i s  poss ib le  t o  r ead  the Ag and Mg l i n e s .  Visual ly ,  the 
r a t i o  remains about cons tan t  f o r  heavier  exposures as wel l .  
Sol id  MgO samples can be sparked using a Au-wire probe as the  l e f t -  
hand ( r f  s ide )  e l ec t rode .  
(Au i s  monoisotopic), bu t  v i s u a l l y  the r a t i o  i s  about 1:l and reasonably 
constant .  Sparking occurs  without d i f f i c u l t y .  
The r a t i o  of Au t o  Mg ions  i s  d i f f i c u l t  t o  determine 
# 
Determination of Rela t ive  Amounts of Sample and Conductor i n  Ion Beam 
To improve accuracy appreciably,  a system i s  needed whereby e i t h e r  
the  conductor i s  not  ionized t o  a s i g n i f i c a n t  e x t e n t  o r  the  Mg ion  beam can 
be monitored alone, no t  together  with the  0, Au, o r  Ag, as i s  the  case i n  e 
present  instruments.  Such a system would r equ i r e  a c o l l e c t o r  posi t ioned over 
the  Mg l i n e s  and connected t o  an ampl i f ie r  and readout  system. 
a c o l l e c t o r  had been mounted between the  magnet gap and the  photoplate  t o  
c o l l e c t  Be (m/e 9) dur ing  the  extensive a n a l y s i s  of Be. 
used t o r e d u c e p l a t e  fog and was not connected t o  an ampl i f i e r .  Some modifica- 
t i o n  of t h i s  scheme might be f eas ib l e  f o r  e l e c t r i c a l l y  monitoring Mg. Al t e r -  
na t ive ly ,  i f  a known-level impurLty were p re sen t  i n  the  binder  o r  counter 
e lec t rode ,  i t s  con t r ibu t ion  t o  the spec t r a  would serve  as an index of the Au 
or  Ag cont r ibu t ion .  However, t he  Au and Ag used do not  have impur i t i e s  ( i n  
the 1 ppm and above range) t h a t  a r e  no t  a l s o  found i n  MgO. 
Previously 
This c o l l e c t o r  was 
A s  noted above, t he  r e l a t i v e  con t r ibu t ions  of Au or Ag and Mg t o  
the  spec t r a  a r e  of v i t a l  importance i n  accuracy cons ide ra t ions  because the  
value f o r  an impurity element i s  based on an exposure l e v e l  obtained by 
measuring t o t a l  ion  cu r ren t .  
p l a t e s  having s u f f i c i e n t l y  l i g h t  exposures t o  permit microphotometric reading 
The r a t i o  of Ag t o  Mg w a s  s tud ied  on e i g h t  
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of the  '"Ag" and Mg l i n e s .  The ind iv idua l  r a t i o s  f o r  each spectrum 
were determined fo r  each p l a t e  and cor rec ted  f o r  i so top ic  abundances. 
a l l  e i g h t  p l a t e s  the  o v e r a l l  average was 0.66 ; i f  one high p l a t e  
( r a t i o  = 1.77) and one low p l a t e  ( r a t i o  = 0.22) w a s  excluded, the o v e r a l l  
average f o r  t he  remaining s i x  p l a t e s  w a s  0.54. 
p l a t e  showed more v a r i a t i o n ,  the  range being from 0.13 t o  2.7. 
cen t  of the  ind iv idua l  r a t i o s  were wi th in  the  0.3 t o  0.8 range. 
assumed t h a t  the  0 ions  a re  equal i n  number t o  the  Mg ions ,  then the  p r o b a b i l i t y  
i s  that the Ag i n  2Ag:lMgO br ique t t e s  w i l l  con t r ibu te  considerably l e s s  than 
one-half of the  t o t a l  ions recorded. 
out  of four  l i g h t  exposures, the  e r r o r  introduced by no t  making a Ag co r rec t ion  
would no t  exceed about 20 percent .  
For 
Mg 
Ind iv idua l  spec t r a  on a given 
About 75 pe r -  
I f  it i s  
It i s  concluded that,  i n  about th ree  
d 
I n t e r n a l  Standard 
Another way t o  improve accuracy by a s ses s ing  the  amount of MgO 
ionized i s  t o  add an i n t e r n a l  standard t o  the  powder before  b r ique t t i ng .  
Idea l ly ,  the i n t e n s i t i e s  of  impurity-element l i n e s  are compared d i r e c t l y  with 
l i n e s  of the mat r ix  element or a known-level impurity.  
poss ib l e  because Mg has  only two l e v e l s  of isotopes--one a t  about 80 percent  
. 
I n  MgO t h i s  i s  no t  
and two a t  about 10 percent .  The minor oxygen i so topes  a r e  assumed t o  be 
u n r e l i a b l e  because of O& and H 0' con t r ibu t ions  and because the Mg+ t o  O+ 
i on  r a t i o  may not  remain cons tan t  owing t o  thermal decomposition. Measured 
volumes of d i l u t e  so lu t ions  of Yb the re fo re  were added as an i n t e r n a l  standard 
a t  t h e  29-ppma and the  350-ppma l eve l s  t o  separa te  samples  of Kanto MgO. The 
s l u r r i e s  were s t i r r e d  with Teflon rods,  d r i e d  under a h o t  p l a t e ,  and muffled 
a t  1200 C. The d r i e d  powder w a s  mixed with Ag, b r ique t t ed ,  and sparked a s  
usua l .  The spec t r a  were read on the microphotometer. Copper, m / e  63, and 
Yb, m/e 170, 172, and 174, were used f o r  t h i s  work. Af t e r  ob ta in ing  i n t e n s i t i e s  
from the  usua l  p l a t e - c a l i b r a t i o n  curve, the  amount of copper w a s  ca l cu la t ed  
us ing  the  known l e v e l s  of Yb and making the  appropr ia te  c o r r e c t i o n s  f o r  i s o t o p i c  
abundances. The va lues  fo r  Cu ranged from 8 t o  21  ppma, the  average f o r  four  
p l a t e s  being 14 ppma. 
2 
The mass spectrographic value (v i sua l  reading)  w a s  2 ppma 
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and t h e  emission spectrographic r e s u l t ,  0.6 ppma. 
m a s s  and emission a r e  i n  e r r o r ,  t h a t  some Yb w a s  l o s t ,  t h a t  t he  mixture  w a s  
no t  homogeneous, or t h a t  t he re  i s  a cons iderable  d i f f e r e n c e  i n  s e n s i t i v i t y  
f o r  Yb and Cu. The r a t i o  t h a t  was obtained between the two l e v e l s  of Yb i s  
evidence t h a t  t h e  Yb i s  probably not being l o s t  and i s  homogeneously d i s t r i -  
buted. 
were averaged f o r  t h e  f i r s t  two p l a t e s  (29 ppma Yb) and t h e  l as t  two (350 ppma 
Yb). 
Because these  are r a w  i n t e n s i t i e s  they would r e f l e c t  any e r r o r  i n  the  ana lys i s ,  
i nc lud ing  v a r i a t i o n s  of sample-to-Ag consumption, nonuniformity, and Yb l o s s .  
On t h e  b a s i s  of these  l imi t ed  data ,  i t  appears t h a t  reproducib le  and propor t iona te  
amounts of the  added Yb are sparked and ion ized  and t h a t  t he  technique would 
be u s e f u l  i f  t he  sample-to-conductor r a t i o  becomes a l i m i t i n g  f a c t o r  f o r  
accuracy. 
It i s  l i k e l y  t h a t  t he  v i s u a l  
The i n t e n s i t i e s  of the Yb l i n e s ,  co r rec t ed  f o r  i s o t o p i c  abundances, 
The r a t i o  of t hese  averages w a s  10.9, whereas the  r a t i o  of - 350 i s  12.1. 29 
d 
Elec t ron  Microprobe 
Because of t he  v a r i a t i o n s  i n  the  Ag-to-Mg i o n - i n t e n s i t y  r a t i o  i n  
the b r i q u e t t e s ,  a b r i q u e t t e  (Fisher M-300 MgO, BMI No. 90940) w a s  examined 
us ing  the e l e c t r o n  microprobe. 
d i s t r i b u t e d  on t ens  of micron a reas  on an  unsparked sample sur face .  
sparked a rea  the d i s t r i b u t i o n  w a s  s t i l l  f a i r l y  uniform but  the Ag appeared 
t o  be h igher  (or the Mg lower) than before .  These r e s u l t s  a r e  q u i t e  incon- 
c l u s i v e  because the sparked e lec t rode  sur face  i s  very  rough. The microprobe 
i s  very  s e n s i t i v e  t o  sur face  topography: only the peaks of the " h i l l s "  w i l l  
emit X-rays t h a t  are de tec t ed .  The apparent  d e p l e t i o n  of Mg on t h e  su r face  
i s  i n  l i n e  with the p r e f e r e n t i a l  sparking t o  MgO r a t h e r  than Ag, as shown by 
the Ag-to-Mg i o n - i n t e n s i t y  r a t i o s .  
continued sparking h a s  a l s o  been observed. I n  n e i t h e r  the unsparked nor t h e  
sparked a r e a s  w a s  the C a  v i s i b l e ,  although i t  i s  be l ieved  t o  be p re sen t  a t  the 
2000-ppma l e v e l .  
Both the  Ag and the Mg appeared t o  be uniformly 
I n  a 
An inc rease  i n  t h e  Ag c o n t r i b u t i o n  with 
z 
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Hydr oxy1 Determination 
The determinat ion of OH i n  MgO has proved t o  be a f a r  more d i f f i c u l t  
t a s k  than an t i c ipa t ed  a t  the  beginning of t h i s  research  program. 
work by D r .  Leipziger  under NASA Contract 950992 showed t h a t  low blanks,  of 
t h e  order  of a ppmw i n  r e f r a c t o r y  and precious meta ls  (equal t o  a hundred or  
more ppma), could be obtained on the mass spectrograph. The same i n v e s t i g a t o r  
repor ted  t h a t  hot-extrac t i o n  techniques were of doubtful  va lue  f o r  MgO because 
they tended t o  give r e s u l t s  higher  than those obtained by mass spectrography. 
Previous 
Work performed under the present  c o n t r a c t  and d i scuss ions  with the  
former Technical Representat ive,  D r .  M. H. Leipold, produced c o n f l i c t i n g  
i n t e r p r e t a t i o n s  of the  chemistry of OH i n  MgO. 
hea t ing ,  but no t  decomposing, MgO i n  a graphi te  c r u c i b l e  showed reproducib le  
and very small  amounts of OH i n  a t  least one MgO sample (OP243). 
sample, when p a r t i a l l y  decomposed by reduct ion  with g r a p h i t e ,  had an apparent  
OH concent ra t ion  about 200 t i m e s  higher,  i f  ex t rapola ted  t o  complete decomposi- 
t ion .  Further ,  the  OH conten t  based on H (m/e = 1 )  as determined by mass spectro-  
graphy was almost 100 times higher  than the  thermal-decomposition value.  
One s e t  of d a t a  obtained by 
4 
This  same 
Another sample, F isher  M-300, ca lc ined  i n  vacuum a t  700 C (BMI No. 
91938) w a s  s tudied us ing  a v a r i e t y  of techniques,  and again the  d a t a  presented 
a confusing p i c tu re .  
bound water and a l s o  more t i g h t l y  bound water (or  OH). 
ducted t o  c l a r i f y  the  amount of OH present  and t h e  p o s s i b i l i t y  of the ex is tence  
of d i f f e r e n t  types of OH a r e  described below. 
It i s  c l e a r  t h a t  th is  sample h a s  cons iderable  loose ly  
The experiments con- 
Bruci te  S tudies  
At the  suggestion of D r .  Leipold, b r u c i t e  [na tu ra l  Mg(OH)2] w a s  
used i n  prel iminary experiments t o  determine whether q u a n t i t a t i v e  recovery of 
H o r  H20 from Mg(0H) 
appl ied t o  MgO. 
i s  f e a s i b l e  us ing  thermal means, which could then be 2 2 
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Thermomavimetric Analysis. Thermogravimetric a n a l y s i s  (TGA) w a s  
t h e  f i r s t  technique employed. Small, weighed amounts of f i b rous  b r u c i t e  
were placed on t h e  pan of t he  TGA apparatus.  TGA thermograms were obtained 
a t  a h e a t i n g  ra te  of 4 C per minute from room temperature t o  900 C and a t  a 
p re s su re  of about 0.1 t o r r .  Duplicate runs  were obtained on the f i b e r  sample. 
The f i r s t  sample exh ib i t ed  a weight loss  of 2.0 pe rcen t  between room tempera- 
t u r e  and 50 C,  undoubtedly due t o  f r e e  or su r face  water.  Dehydration began 
between 250 C and 300 C and appeared t o  progress  i n  two s t e p s ,  with the  major 
dehydrat ion complete by 400 C. T o t a l  weight l o s s  a t  900 C w a s  32.5 percent .  
Correc t ing  f o r  t he  2 percent  f r e e  water, the n e t  l o s s  of 30.5 percent  i s  
i n  e x c e l l e n t  agreement with the ca l cu la t ed  va lue  of 30.85 percent .  The 
second sample contained 1.3 percent f r e e  w%ter ,  which w a s  removed by h e a t i n g  
t o  50 C.  
i n  two s t eps ,  wi th  t h e  major l o s s  occurr ing  by 400 C .  
a t  900 C w a s  31.8 percent .  
l o s s  of 30.5 percent  again i s  i n  exce l l en t  agreement with the c a l c u l a t e d  
va lue .  Typical thermograms of b r u c i t e  and magnesite a r e  shown i n  Figure 1. 
Again, dehydrat ion began between 250 C and 300 C and progressed 
To ta l  weight l o s s  
Correcting f o r  t he  1 .3  pe rcen t  f r e e  water, t he  n e t  
Vacuum-Fusion Furnace. The second and t h i r d  approaches t o  the 
OH de te rmina t ion  were b a s i c a l l y  s imilar ,  d i f f e r i n g  p r imar i ly  i n  the appara tus  
used. The vacuum-fusion technique w i l l  be descr ibed  f i r s t ,  then the quar tz -  
tube g raph i t e -c ruc ib l e  furnace technique. 
The vacuum-fusion furnace used i n  t h i s  work i s  a B a t t e l l e - f a b r i c a t e d  
u n i t  similar t o  the Guldner-Beach des ign  except  t h a t  t h e  c r u c i b l e  i s  supported 
from the  bottom of the furnace ins tead  of by plat inum wire  from the top. The 
convent ional  carbon-cruc ib le ,  graphite-packing, sample-loading system, and 
degassing method were used. 
A f i b r o u s  sample was weighed i n t o  a t i n  capsule  t o  f a c i l i t a t e  dropping 
t h e  sample from the  loading arm t o  t he  c r u c i b l e .  The open end of t he  t i n  
capsule  w a s  crimped t o  prevent loss of sample. 
i n  normal vacuum-fusion a n a l y s i s  but i n  t h i s  case  t h e  s o l e  purpose w a s  t o  provide 
a c a r r i e r  f o r  dropping the sample. 
A t i n  f l u x  f r equen t ly  i s  used 
I 
8 ,  
~~ 
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The encased sample was placed i n  the  loading a r m  and the system was 
evacuated and degassed a t  2000 C for 3 hours.  
room temperature during t h i s  furnace-degassing procedure. Af te r  a 3-hour 
degassing period, a blank w a s  obtained on the  furnace assembly by c o l l e c t i n g  
the gases  re leased  dur ing  a 35-minute period, pumping the gases  i n t o  an evacua- 
t ed  sample bulb, and analyzing them by mass spectrometr ic  ana lys i s .  
The temperature of  the  furnace was lowered below 1000 C and the  
The loading a r m  remained a t  
capsule  conta in ing  the  sample w a s  dropped i n t o  the  c ruc ib l e .  
was then r a i s e d  t o  2000 C, and as the  gas evolved from the furnace i t  was 
pumped i n t o  an evacuated bulb f o r  mass spectrometr ic  ana lys i s .  
requi red  t o  e x t r a c t  the  evolved gas from the furnace w a s  1 hour. 
of  components found i n t h e b l a n k  was ad jus ted  f o r  the  longer e x t r a c t i o n  time 
r equ i r ed  f o r  t he  sample. 
The temperature 
The time 
The q u a n t i t y  
d 
Run 1 w a s  made us ing  9.39 mg of f ib rous  b r u c i t e  obtained from The 
Ohio S t a t e  Univers i ty  Mineralogy Laboratory. The r e s u l t s ,  i nd ica t ing  t h a t  
approximately 95 volume percent  of the  gas evolved w a s  H 0 and CO, suggest the  
fol lowing decomposition equation: 
2 
Mg(0Hl2 + c 2ooo > H20 + CO + Mg. 
Based on t h i s  equation, 9.39 mg of b r u c i t e  should y i e l d  2.9 mg of  H 2 0  and 
4.51 mg of  CO. 
and the  recovery of CO was  59 percent .  
The a c t u a l  recovery of H20 i n  t h i s  experiment w a s  157 percent  
The 9.39-mg sample w a s  l a rge r  thanneeded f o r  a good ana lys i s ,  and 
the  l a r g e  amount of water w a s  d i f f i c u l t  t o  handle because of poss ib l e  condensa- 
t i on .  Run 2 w a s  made us ing  the same procedure except t h a t  the sample weight 
w a s  reduced t o  1.857 mg and the sample and capsule  were heated t o  100 C i n  
the loading a r m  dur ing  the furnace degassing per iod t o  d r i v e  o f f  any sur face  
moisture  t h a t  might have been on the sample. 
The e x t r a c t i o n  time w a s  reduced t o  30 minutes f o r  the  smaller sample. 
The end of the  e x t r a c t i o n  time was determined a s  the po in t  a t  which no a d d i t i o n a l  
gas w a s  being re leased  from the sample. Af te r  completion of t h i s  e x t r a c t i o n  
the  furnace was opened f o r  c leaning and some unreacted sample w a s  found a t  the  
base of the  furnace compartment. 
weight, which gave an a c t u a l  sample weight of 1.658 mg. The most l o g i c a l  
























explanat ion f o r  t h i s  l o s s  of s a q l e  i s  the " sp la t t e r ing"  e f f e c t ,  which f requent ly  
happens i n  vacuum fus ion  i f  the t i n  mel t s  too  f a s t  and vaporizes ,  causing 
turbulence i n  the  carbon c r u c i b l e ,  
It again appeared t h a t  the decomposition r e a c t i o n  followed the equa- 
t i o n  given above. Since some hydrocarbons were present ,  t he  H value i s  
probably high. Recovery was 63 percent,  based on the  amount of H 0 found and 
7 percent ,  based on CO. 
inspec t ion  of the furnace i n t e r i o r ,  bu t  w a s  not  weighed. It i s  not  known 
whether t he  a d d i t i o n a l  sample found i n t h e  bottom of the  furnace came from 
2 
2 
Some add i t iona l  unreacted m a t e r i a l  w a s  found on c l o s e r  
g iv ing  the  f i r s t  or  the second run. The vacuum-fusion approach appeared 
v a r i a b l e  and inaccura te  r e s u l t s ,  and w a s  therefore  abandoned. 
d 
Quartz-Tube Graphite-Crucible Furnace. The t h i r d  appro d a  
s e r i e s  of s p e c i a l l y  designed quartz-tube graphi te -cruc ib le  apparatus  whose 
des igns  evolved as var ious  problems were encountered. 
Basical ly ,  t he  quartz-tube graphi te -cruc ib le  equipment i s  a means 
of holding a sample of MgO o r  Mg(0H) i n  contac t  with g raph i t e  a t  a h igh  2 
temperature i n  an r f  induct ion-heater  c o i l .  
experiments w a s  q u i t e  s imple--a  quartz tube wi th  a removable base,  a s top-  
cock, and a s p l i t  g r aph i t e  tube supporting a graphi te  c ruc ib l e .  
The des ign  f o r  the  Mg(OH)2 
The apparatus  was assembled, evacuated, and heated by induct ion  t o  
2200 C f o r  1.5 minutes. An evacuation system was not  a v a i l a b l e  a t  the  s i t e  
of the  induct ion hea t ing  supply; therefore ,  t h i s  procedure was repea ted  seve ra l  
t imes u n t i l  a cons tan t  blank w a s  obtained. The apparatus  w a s  opened t o  the  
a i r  between each hea t ing  and evacuation because opening t o  the  a i r  w a s  necessary 
t o  load the  sample. 
c ruc ib l e  and the system was evacuated. The temperature w a s  r a i s e d  from room 
temperature t o  2200 C i n  approximately 1 minute and he ld  f o r  1.5 minutes.  
apparatus  w a s  t r ans fe r r ed  t o  the  mass spectrometer,  and the  evolved gas w a s  
measured and analyzed. 
A 1.625-mg sample of  f ib rous  b r u c i t e  w a s  weighed i n t o  the  
The 
Analysis showed t h a t  96.6 volume percent  of the  gas formed was H2 
and CO. The formation of H i n  the qua r t z  tube and H 0 i n  the vacuum fus ion  
i s  probably explained by the  c a t a l y t i c  e f f e c t  of the  mercury d i f f u s i o n  pumps 
i n  the  vacuum-fusion apparatus  and perhaps by the  longer  r e a c t i o n  time and the  
2 2 
t o  be 
ch u s  
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presence of t i n  i n  the  vacuum-fusion system. 
suggests  t h a t  H 
subsequently r e a c t s  w i t h  0 o r  CO i n  t he  vacuum-fusion system t o  form H 0; 
a l t e r n a t i v e l y ,  the H 0 may be d issoc ia ted  i n t o  H2 and 0 a t  the  high temperature. 
The 0.0563 mg of H 
t o  the  H 
form H 0, which should be added t o  the  amount of H2 obtained. 
recovery based on H 0 and H 2 2 2 
and CO show an oxygen recovery of only 88.6 percent ;  however, the  a n a l y s i s  f o r  
CO by the  mass spectrometr ic  technique i s  not  s u f f i c i e n t l y  p rec i se  i n  the  
presence of N 
The d i f f e r e n c e  i n  f i n a l  products 
no t  H 0, i s  the  o r i g i n a l  form of hydrogen, and t h a t  the  H2 2’ 2 
2 
2 
The weight of sample used should have produced 0.0562 mg of H2. 
found represents  a recovery of 100.2 percent .  
present ,  i t  would appear t h a t  a s m a l l  po r t ion  of t he  H reac ted  t o  2 2 
I n  add i t ion  2 
The t o t a l  H2 2 
w a s  108.6 percent .  Calcu la t ions  based on H 0 
t o  be c e r t a i n  of t h i s  apparent ly  low recovery.  2 4 
The experiment using the quartz- tube g raph i t e -c ruc ib l e  apparatus  
was repeated using the  same procedure except t h a t  the  qua r t z  tube was cooled 
by submerging the  tube i n  a beaker of  water so t h a t  the  ground-glass j o i n t  
w a s  completely covered. 
Analysis  of the  r e a c t i o n  products  from a sample of f i b r o u s  b r u c i t e  weighing 
1.891 mg showed 44.0 volume percent H2 and 56 volume percent  CO. 
amounts of H 0, CO or  hydrocarbons were de tec ted .  The ca l cu la t ed  weights of  
H and CO were 0.0654 and 0.908 mg, whereas the  observed weights were 0.0684 
and 1.242 mg, represent ing  recover ies  of 105 and 137 percent ,  r e spec t ive ly .  
This reduced the  H2 blank from 0.0135 mg t o  0.0047 mg. 
No s i g n i f i c a n t  - 
2 2’ 
2 







2 Quartz-Tube Graphite-Crucible. Having demonstrated t h a t  Mg(0H) 
could be decomposed completely under these  condi t ions ,  t h ree  runs  were made i n  
the quartz-tube g raph i t e -c ruc ib l e  technique descr ibed above t o  s tudy MgO 
(Fisher  M-300, B-3, Calcined 700 C Vac., BMI No. 91938). For these  experiments 
the  e n t i r e  r eac t ion  v e s s e l  and the induct ion  c o i l  were submerged i n  deionized 
water t o  cool  the quar tz  tube. No reduct ion  of the blank w a s  noted, suggest ing 
t h a t  the CO and H come from the  graphi te  c r u c i b l e  and i t s  support  r a t h e r  than 
from the  walls of the  qua r t z  tube. 
2 
For Run 1, a sample weighing 0.2012 g was t r a n s f e r r e d  t o  the g raph i t e  
c ruc ib l e  without drying. During evacuation, the  pump-down r a t e  w a s  extremely 
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. slow; therefore ,  the  gas  being pumped of f  w a s  monitored by the  mass spec t ro-  
meter and found t o  be water. Not a l l  the  water had been pumped o f f  a f t e r  
30 minutes  of pumping. 
The temperature w a s  r a i sed  gradual ly ,  bu t  a very  s m a l l  po r t ion  of 
the sample w a s  e j e c t e d  from the  c ruc ib l e  dur ing  the  low-heat per iod.  No 
a d d i t i o n a l  l o s s  of sample was observed a t  the h igh  temperature. The small  
amount of w a t e r l e f t  i n  the sample may have caused the  l o s s  of sample. 
Two a d d i t i o n a l  analyses  (Runs 2 and 3 )  were made on a sample t h a t  had 
been d r i e d  a t  110 C f o r  75 minutes. The saxple  w a s  no t  r e d r i e d  before  Run 3 
was made, but stood i n  a s i l i c a - g e l  des iccant  f o r  24 hours .  These runs  were 
normal i n  a l l  r e s p e c t s  and i t  w a s  poss ib l e  t o  r a i s e  the  temperature without  
l o s s  of sample. 
d 
The gases  c o l l e c t e d  from the  blanks and sample were scanned t o  
mass 100, and no compounds except  H and CO were de tec ted  i n  any s i g n i f i c a n t  
amount. Acetylene a t  the  0.1 percent  l e v e l  w a s  de t ec t ed  i n  Run 2 .  Based on 
the H2 evolved from MgO i n  Runs 2 and 3 ,  t he  Mg(OH)2 content  was 5.9 and 6.7 
weight percent ,  r e spec t ive ly ,  and f o r  t he  undried Run 1, 4.8 percent .  The 
r e l a t i v e  r e p r o d u c i b i l i t y  w a s  about 11 percent .  
2 
These r e s u l t s  were encouraging and suggested t h a t  even b e t t e r  
r e s u l t s  would be poss ib l e  i f  the quartz-tube r e a c t i o n  v e s s e l  were redesigned 
t o  permit degassing and sample loading without  opening t o  the  a i r .  This 
was done, and a v e s s e l  us ing  a much smaller g raph i t e  c ruc ib l e ,  a swinging 
funnel fo r  dropping the  sample i n t o  the  c r u c i b l e ,  and a s ide  a r m  t o  s t o r e  the  
sample during degassing was fabr ica ted .  The next experiments used cold-  
i s o s t a t i c a l l y  pressed Fisher  M-300 MgO (BMI No. s -0460)  t o  minimize the  prob- 
lems of water adsorp t ion  assoc ia ted  with powders. 
considerably less than theo re t i ca l .  The sample had been s tored  i n  a poly- 
e thylene  v i a l ,  bu t  w a s  not protected from the  a i r .  The pressed m a t e r i a l  w a s  
broken, and a sample c o n s i s t i n g  of e i g h t  random pieces ,  each of about 1/8- 
inch c r o s s  sec t ion ,  weighed 0.5303 g. Af te r  the  sample had been loaded i n t o  
the s ide  arm of the  r e a c t i o n  vesse l ,  the  system could be evacuated t o  only 
20 microns pressure  with the  d i f fus ion  pump. 
H20,  1 percent  CO 
This m a t e r i a l  has  a dens i ty  
The gas w a s  98 volume percent  
and 1 percent  CO. 2' 
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mmping had t o  be continued f o r  s eve ra l  hours  with infrared-lamp 
warming of t h e  sample t o  70 C before the pressure  could be he ld  cons t an t .  
The appara tus  was a t tached  t o  t h e  po r t ab le  pumping system, and the empty 
c r u c i b l e  was heated t o  2200 C f o r  1.5 minutes while pumping. The c r u c i b l e  
was cooled t o  room temperature and the  r e a c t i o n  v e s s e l  i s o l a t e d  from t h e  
pumps. The i s o l a t e d  v e s s e l  was then heated t o  a c r u c i b l e  temperature of 
2000 C f o r  1.5 minutes. 
0.00029 cc-atmosphere" of H2 [equiva len t  t o  0.26 microgram o r  0.5 ppmw 
of Mg(OH)2], 0.0101 cc-atm of CO, and 0.00003 cc-atm of H 0. 
Analysis  of the gas obtained i n  t h i s  blank showed 
2 
For the next  a n a l y s i s ,  the con ta ine r  w a s  pumped out  while s t i l l  
on the  mass spectrometer,  t he  swinging funnel  w a s  placed i n  the loading 
p o s i t i o n ,  and t h e  p i eces  of MgO were  pushed from the s i d e  a r m  i n t o  the  
c r u c i b l e  by means of a Pyrex-covered i r o n  bar i n s i d e  by an e x t e r n a l  
magnet. The funnel w a s  moved out  of the hea t  zone, and the  sample  was 
hea ted  t o  2000 C f o r  1.5 minutes. 
4 
Analysis  of gas  evolved from t h i s  MgO sample (Run M-1) showed 
a t o t a l  of 147 cc-atm of gas  w i t h  t he  following composition, i n  volume 
H2, 17.9; COY 33.4; H 0, 46.5; and C02 ,  2.19. percent :  
t o  26.3 cc-atm, which i s  equiva len t  t o  12.82 weight percent  Mg(0H) 
i n  the  MgO ( the  H20 w a s  no t  included i n  the Mg(0H) 
the hea t ing ,  a white  s o l i d  deposi ted on the s ide  walls of t he  con ta ine r  i n  
the  immediate v i c i n i t y  of t he  ho t  c r u c i b l e .  
The H amounted 
2 2 
2 
c a l c u l a t i o n ) .  During 2 
This m a t e r i a l  was not  i d e n t i f i e d .  
To determine the r e p r o d u c i b i l i t y  of t he  method, another sample 
of the same MgO weighing 0.5136 g w a s  loaded and analyzed as descr ibed  above, 
except t h a t  no blank w a s  run  because the blank f o r  Run M - 1  w a s  so  low as 
t o  be i n s i g n i f i c a n t .  This ana lys i s ,  des igna ted  Run M-2, showed a t o t a l  
of 152 cc-atm of gas con ta in ing  16.7 percent  H This i s  equiva len t  t o  
25.4 cc-atm of H2, o r  12.85 weight percent  of Mg(OH)2. 
allowed t o  stand unprotected from the  atmosphere f o r  64 hours.  For Run 
M-3 a p o r t i o n  of t h i s  sample w a s  reweighed and aga in  loaded. Only 0.2758 g 
of the o r i g i n a l  sample was used because two of the p i eces  were contaminated 
with black specks of a fo re ign  substance. 
2 '  
The sample used i n  Run M-2 w a s  unloaded from the  appara tus  and 
* Cubic cen t ime te r s  a t  s t a n d a r d  p re s su re  and room temperature (cc-atm). 
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The apparatus  containing the  sample f o r  Run M - 3  was placed oil the  
mass spectrometer and evacuated for  approximately 1 hour. N o  degassing 
could be de tec ted  on the  micromanometer when the pumps were i s o l a t e d .  A 
mass spectrometer a n a l y s i s  showed only those components normally p re sen t  
i n  the  instrument background. 
The same procedure used fo r  Runs M - 1  and M-2 was appl ied t o  the  
ana lyses  descr ibed below except t h a t  the  temperature w a s  r a i s e d  on some 
of the  runs.  The blank run a t  2000 C showed only 0.0021 microgram of H2, 
which i s  equiva len t  t o  0.06 microgram of Mg(0H) 
based on a 0.27-g sample. The sample w a s  t r ans fe r r ed  t o  the  c ruc ib l e  and 
ign i t ed  t o  2000 C. The t o t a l  H evolved w a s  0.08 microgram. Af te r  sub- 
t r a c t i n g  t h e  blank, th i s  i s  equivalent  t o  8 ppmw Mg(0H) versus  t h e  12.8 
4 2 
percent  o r i g i n a l l y  found, i nd ica t ing  very l i t t l e  a d d i t i o n a l  evolu t ion  of 
This i s  0.22 ppmw 2 '  
2 
. The only o the r  materials detected i n  t h i s  a n a l y s i s  were CO and a t r a c e  HZ 
of C02. 
immediate v i c i n i t y  of the  ho t  c ruc ib le .  
A dark r e s idue  appeared on the  s ide  w a l l s  of the  conta iner  i n  the 
The gases  were pumped from the  conta iner  and the  sample w a s  
heated t o  2200 C.  
t h a t  no a d d i t i o n a l  hydroxyl compounds were being evolved a f t e r  r a i s i n g  
the  temperature 200 C. Optical-pyrometer temperature measurements became 
more d i f f i c u l t  because of an  increase of the  dark r e s idue  noted above. 
The only gas detected i n  t h i s  run w a s  CO, which ind ica ted  
The f i n a l  hea t ing  was made a t  2500 C o r  h igher .  Since a blank 
had not  been run  a t  t h i s  h igher  temperature, the  blank f o r  2000 C w a s  used. 
Only 2 ppm Mg(OH), was found. The amount of dark r e s idue  on the  walls 
around the  h o t  c r u c i b l e  increased, and temperature reading  became even 
more d i f f i c u l t .  A s  the  res idue  increased, the  apparent  temperature f o r  
a given power s e t t i n g  decreased;  thus,  t he  temperature given above a c t u a l l y  
may have been higher .  
These experiments, designed t o  determine the  e f f i c i e n c y  of the  
o r i g i n a l  e x t r a c t i o n  of OH a t  2000 C ,  ind ica ted  no s i g n i f i c a n t  r e l e a s e  of 
components on a d d i t i o n a l  ex t r ac t ion  a t  2000 C ,  o r  when the  temperature 





A sample designated as Fisher  M-300, OP243 (BMI No. 91940) was 
analyzed twice b y t h e  procedure out l ined above f o r  Runs M - 1  and M-2. 
These ana lyses  a r e  repor ted  a s  Runs M-6 and M - 7 .  
of  t h i s  sample w a s  q u i t e  d i f f e r e n t  from the  sample repor ted  above. This 
MgO had a glazed o r  t r ans lucen t  surface.  
du r ing  pump-down. The sample showed no degassing a f t e r  approximately 20 
minutes of pumping and no infrared-lamp hea t ing  was needed during evacuation. 
The phys ica l  appearance 
Another d i f f e rence  w a s  revealed 
The pressed sample w a s  broken in to  p i eces  and 0.4986 g was loaded (Run M-6). 
The blank f o r  t h i s  run  gave 0.0018 microgram of H2, which i s  equiva len t  t o  
0.052 microgram o r  0.1 ppmw o f  Mg(0H) 2' 
The sample w a s  heated to  2000 C and no white r e s idue  formed 
around the  s i d e  w a l l s ,  as had been observes w i t h  t h e  previous sample. 
Analysis  of the  evolved gas  showed i t  t o  be CO and H 
t o  2 ppmw Mg(OH)2, ne t .  
a blank equiva len t  t o  0.17 microgram or  0.4 ppmw of  Mg(0H) 
showed a n e t  of 2.7 ppmw Mg(0H) 
ace ty lene ,  w a s  observed i n  both gas samples a t  m a s s  26. 
reweighed a f t e r  both Runs M-6 and M-7. 
i n a l  weight. 
A dark  res idue  deposi ted on the s ide w a l l s  of the  conta iner  f o r  these  runs 
i n  about the  same amount and loca t ion  as f o r  the  previous runs.  Water was 
no t  de tec ted  i n  these  runs,  while approximately 45 percent  of the gas r e -  
leased from Runs M - 1  and M-2  w a s  water. 
the  l a t t e r  equiva len t  2' 
The dup l i ca t e  run  f o r  t h i s  sample (Run M-7) had 
and the  sample 2 
A t r a c e  of some compound, poss ib l e  2' 
The samples  were 
Each l o s t  0.4 percent  of i t s  or ig-  
This compares with a 23.9 percent  weight l o s s  f o r  Run M-2.  
A sample of pressed MgO designated a s  Kanto MgO, OP366 (BMI No.  
Duplicate ana lyses  S-0432) w a s  analyzed us ing  the procedure descr ibed above. 
gave 133 and 144 ppmw of Mg(OH)2. 
under the  condi t ions  used f o r  these runs .  The r e p r o d u c i b i l i t y  of t h i s  method 
has  been e s t ab l i shed  and the blanks a r e  low and f a i r l y  cons tan t ,  bu t  the  
accuracy remained i n  doubt because t h e  MgO had not  been d i s soc ia t ed  completely 
t o  ensure complete l i b e r a t i o n  of  any OH i n  the  sample. Experiments were 
the re fo re  performed i n  an e f f o r t  t o  convert  the  MgO t o  CO and Mg. 
L i t t l e  i f  any a c t u a l  decomposition occurred 
Most of the  previous analyses were m a d e a t a  temperature of  2000 C 
f o r  1.5 minutes;  however, i t  became obvious t h a t  e i t h e r  a h igher  temperature,  
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a much longer time a t  the  same temperature, o r  an inc rease  i n  both t e m -  
pe ra tu re  and t i m e  would be required t o  complete the  above r eac t ion .  The 
appara tus  and technique was modified t o  permit these  changes. To ob ta in  
a g r e a t e r  cool ing  capac i ty  around the  r e a c t i o n  vesse l ,  deionized water 
was frozen and added t o  the cool ing water dur ing ,  the  r eac t ion .  The tem-  
pe ra tu re  of t he  co ld  ba th  w a s  reduced t o  about 0 C before  the  blanks o r  
samples were heated,  and the  bath w a s  s t i r r e d  continuously.  A new quar tz -  
tube apparatus  w a s  f ab r i ca t ed ,  including a l a r g e r  sample-storage a r m .  This  
sample-storage a r m  w a s  l a r g e  enough t o  con ta in  both t h e  sample and a supply 
of graphi te  t o  cover the  sample  a f te r  i t  i s  dropped i n  the  c ruc ib l e .  
A prel iminary f e a s i b i l i t y  run w a s  made wi th  powdered MgO covered 
w i t h  powdered graphi te ,  Grade 38, produced by the  Nat ional  Carbon Company. 
The sample w a s  precondi t ioned by i g n i t i n g  i t  i n  a muff le  furnace a t  900 C 
f o r  45 minutes. The MgO s a m p l e  was Fisher  M-300 (OP243, BMI No. 91940). 
A l l  subsequent experiments were run wi th  t h i s  same sample. The powdered 
MgO was obtained by gr inding  the pressed MgO i n  a hardened-s tee l  mortar .  
Powdered MgO weighing 0.1193 g was placed i n  the g raph i t e  c r u c i b l e  and 0.2 g 
of t he  powdered g raph i t e  w a s  d i s t r i b u t e d  over the sample. Blanks could not  
be determined because the  sample and g raph i t e  had a l r eady  been loaded i n  the 
c ruc ib l e .  The system w a s  evacuated and heated t o  2800 C f o r  4 minutes.  The 
evolved gas was analyzed with the m a s s  spectrometer.  Because the  qua r t z  
tube w a s  no t  degassed a t  2800 C ,  the  hydrogen r e s u l t s  probably were no t  
s i g n i f i c a n t .  The amount o f  CO tha t  should have been produced (had t h e  r e a c t i o n  
proceeded t o  completion) i s  0.0830 g ,  but  only 0.0480 g w a s  a c t u a l l y  found, 
i n d i c a t i n g  a 58 percent  decomposition of  t h e  MgO. 
was found i n  the bottom of t h e  apparatus a f t e r  the r eac t ion .  These encouraging 
r e s u l t s  suggested t h a t  a c a r e f u l  a n a l y s i s  f o r  OH of  t he  same MgO m a t e r i a l  
be made. 
.I 
A s m a l l  amount of g raph i t e  
A sample weighing 0.1088 g w a s  loaded i n t o  the  f r o n t  p a r t  of 
t he  sample s torage  arm and 0.2 g of g raph i t e  ( the  same as used before)  
w a s  placed i n  the  back por t ion .  
2800 C,  and blanks were obtained f o r  H2 and CO a t  2000 C and 2800 C .  
sample was dropped i n  the c ruc ib le ,  bu t  no g raph i t e  w a s  added. The sample  
was heated t o  2000 C f o r  1.5 minutes as i n  previous runs ;  a n a l y s i s  of  the  
gas  c o l l e c t e d  showed 3 ppmw Mg(OH)2, which i s  i n  agreement with prev ious  
The system w a s  evacuated and degassed a t  
The 
r e s u l t s .  
. * *  
I .  
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Approximately one-half the graphi te  was added,more than the theore t -  
i c a l  amount requi red  f o r  complete decomposition of the MgO, and covering the  
sample completely. The temperature w a s  r a i s e d  t o  2800 C f o r  3 minutes, the 
power was turned o f f ,  and addi t iona l  i c e  was added t o  the  cool ing  bath u n t i l  
the  temperature of the  water dropped t o  about 0 (2. 
bath rose  t o  s l i g h t l y  above room temperature dur ing  a 3-minute run  a t  2800 C. 
This  cycle  of a 3-minute hea t ing  followed by cool ing w a s  continued u n t i l  
a t o t a l  r eac t ion  time of 1 2  minutes had been obtained. The temperature w a s  
r a i s e d  very slowly each time i n  an e f f o r t  t o  prevent g raph i t e  l o s s  from the  









were not successful ,  as graphi te  was again observed i n  the  bottom of the  
quar tz  tube a f t e r  t he  r eac t ion .  
was obtained and 38 ppmw of  Mg(0H) w a s  found. 
Only a 2.6 percent  conversion of  the  MgO 
.r 
2 
The rest  of the  graphi te  w a s  added t o  the  sample and the  above 
experiment was repeated (Run C-1-3); the temperature w a s  r a i s e d  very  slowly 
t o  prevent  l o s s  of graphi te .  
bu t  only an add i t iona l  7 percent  conversion was obtained (a  t o t a l  of 9.6 
pe rcen t ) .  During the  7 percent  conversion, more g raph i t e  w a s  l o s t  from * 
t h e  c ruc ib l e ,  together  with some sample. One a d d i t i o n a l  hea t ing  (Run C-1-4) 
was made a t  3300 C f o r  2.5 minutes, but  p r a c t i c a l l y  no a d d i t i o n a l  conversion 
was obtained. 
graphi te  c ruc ib l e  w a s  empty and tha t  a l l  the  remaining m a t e r i a l  w a s  on the  
bottom of the  quar tz  tube o r  on the s ide  wal l s .  Less than 10 percent  t o t a l  
conversion was obtained. 
The same hea t ing  and cool ing  cyc le  was used, 
Af t e r  disassembling the  apparatus ,  i t  was found t h a t  the  
I n  an attempt t o  prevent t h e  l o s s  of g raph i t e  and sample, the  
A d i f f e r e n t  type of g raph i t e  sample and graphi te  were then br ique t ted .  
was used f o r  these runs because a b e t t e r  p e l l e t  could be obtained with 
t h i s  new graphi te .  National Special  Spectroscopic Graphite,  Grade SP-1  
(b r ique t t i ng ) ,  was p r e f i r e d  a t  900 C for  45 minutes. 
of t h i s  g raph i t e  and 0.081 g of the powdered MgO w a s  pressed i n t o  a p e l l e t .  
A mixture of  0.040 g 
The p e l l e t  w a s  loaded i n t o  the sample-storage a r m  and the  system 
was evacuated and degassed a t  2800 C .  Blanks were obtained a t  2000 C and 
2800 C .  The p e l l e t  was t ransfer red  t o  the  c ruc ib l e  and heated a t  t h i s  low 
. *  
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temperature;  the  ca l cu la t ed  Mg(OH)2 content  was 24 ppmw. 
a t  2800 C f o r  6 minutes produced an add i t iona l  41.5 percent  conversion 
and an add i t iona l  346 ppmw Mg(0H) 
The next  r e a c t i o n  
2' 
A s  the  temperature w a s  being r a i s e d  slowly f o r  the  next  hea t ing ,  
a v i o l e n t  r eac t ion ,  accompanied by sparks  f l y i n g  from the  c ru i cb le ,  took 
p l a c e  a t  about 800 C .  This  l a s t ed  only a few seconds, a f t e r  which the  
temperature w a s  r a i s e d  t o  2800 C f o r  another  6-minute per iod.  An a d d i t i o n a l  
15.9 percent  conversion had taken p lace ,  bu t  no hydrogen was de tec ted .  
Af t e r  removal of the  apparatus  from the hea t ing  system, a po r t ion  of t he  
p e l l e t ,  s t i l l  i n t a c t ,  was observed i n  t h e  bottom of t he  quar tz  tube along 
wi th  some powdered material. This material  from t h e  bottom of the  conta iner  
weighed 0.0214 g. Based on the o r i g i n a l  weight of the sample, a t o t a l  con- 
vers ion  of 68.9 percent  w a s  obtained. 
of res idue  w a s  MgO, the conversion was 80 percent ,  based on the  o r i g i n a l  
weight of MgO minus the  r e s i d u e  weight of MgO. 
& 
I f  we assume t h a t  one-half the  weight 
Although a new source of graphi te  was used f o r  Run C - 2  (with no 
blank d a t a  having been obtained) ,  t he re  i s  evidence t h a t  more OH i s  r e l eased  
from the  sample when i t  i s  p a r t i a l l y  decomposed. I f  the  OH r e l e a s e  i s  l i n e a r  I 
with  the  percent  decomposition, t he  t o t a l  Mg(0H) f o r  Run C - 1  would be 
423 ppmw and 539 ppmw f o r  Run C - 2 ,  or  465 ppmw i f  t h e  assumed MgO l o s s  i s  
considered. 
2 
Int imate  con tac t  of the sample and g raph i t e  i s  very  important  
f o r  decomposition and r e t e n t i o n  of the sample i n  t h e  c r u c i b l e .  This can 
be seen by comparing Run C-1-4  a t  approximately 3300 C ,  i n  which most 
o r  a l l  the  powdered g raph i t e  placed i n  the c r u c i b l e  w a s  l o s t ,  and Run C- 
2-1 a t  2000 C with the  mixture in  p e l l e t  form. 
produced much b e t t e r  conversion than d i d  l a y e r s  of each i n  powdered form. 
The major problem w a s  a severe l o s s  of sample and g raph i t e  from the  g raph i t e  
c r u c i b l e .  
how slowly the temperature w a s  r a i sed .  The turbulence was probably due 
t o  the electromagnet ic  coupling of the  induct ion  h e a t e r  and the g raph i t e .  
The loss of p a r t  of t he  p e l l e t  i n  Run C - 2  appeared t o  be caused by a v i o l e n t  
r e a c t i o n  wi th in  the  p e l l e t .  
A p e l l e t  of  MgO and g raph i t e  




Numerous d i f f i c u l t i e s  in  e f f e c t i n g  decomposition of the  MgO were 
encountered, owing t o  the  high temperature and long r e a c t i o n  t i m e  bel ieved 
t o  be requi red .  The sample f l e w  out  of the c ruc ib l e ,  the  cooiii ig water 
became ho t ,  and the induct ion  c o i l  overheated. Therefore,  s eve ra l  changes 
were made. Another induct ion  un i t ,  a Lepel Model T-5-3-DF-E-S, 12.5-kva 
input ,  w a s  used. This  u n i t  could opera te  f o r  long per iods  of  t i m e  a t  high 
power s e t t i n g s  and without  d i s s i p a t i n g  an excessive amount of h e a t  i n  the  c o i l .  
The coolan t  f o r  the  qua r t z  r eac t ion  vessel  w a s  deionized water c i r c u l a t e d  
through an ice bath.  A quartz-tube g raph i t e -c ruc ib l e  apparatus  without  a 
swipzing funnel  was used f o r  these explora tory  experiments t o  determine 
whether t he  Lepel u n i t  could decompose the  MgO more e f f i c i e n t l y  and com- 
p l e t e l y  than could the  10-kva Westinghouse u n i t  used previously.  
& 
The material  used f o r  these experiments w a s  F i she r  M-300 B-3, 
ca l c ined  a t  700 C i n  vacuum (BMI No. 91938). 
had shown about 5.8 weight percent  Mg(0H) 
Ringsdorff RWA g raph i t e ,  1:l by weight, a t  150,000 p s i .  A sample weighing 
0.05 g w a s  loaded i n t o  the graphi te  c r u c i b l e ,  a t i g h t - f i t t i n g  g raph i t e  cap 
wi th  an 0.08-inch-diameter h o l e  w a s  p laced on the  c ruc ib l e ,  and the  apparatus  
w a s  pumped overnight .  
Previous work us ing  t h i s  m a t e r i a l  
The MgO w a s  b r ique t t ed  with 2' 
The assembly was placed i n  the  induct ion  c o i l  and the  temperature 
o f  the  c r u c i b l e  w a s  r a i s e d  t o  2500 C f o r  50 minutes.  
gases  i n  the  tube, only 3.07 cc-atm of CO were found, whereas about 13 cc-atm 
should have been produced from the 0.025 g of  MgO. No H w a s  de tec ted .  The 
remaining gas  w a s  pumped out  and the  c r u c i b l e  w a s  heated a t  2500 C f o r  20 
minutes,  then a t  about 2700 C for  another  20 minutes.  Only 0.72 cc-atm o f  
a d d i t i o n a l  CO was r e l eased ,  and no H2.  
composition occurred, judged by the  q u a n t i t y  of CO. N o  l o s s  o f  sample  from 
the  c r u c i b l e  w a s  observed, and the usua l  depos i t  on the cool  w a l l s  of the  
qua r t z  tube w a s  p resent .  
Upon analyzing the  
2 
Thus, on ly  about  29 percent  de- 
Af t e r  t he  tube had been cleaned,  a sample weighing 0.0488 g w a s  
loaded i n t o  t h e  c r u c i b l e  and covered with a g raph i t e  d i s k  placed d i r e c t l y  
on the  p e l l e t .  The appara tus  was pumped and the temperature w a s  r a i s e d  t o  
about 2700 C f o r  10 minutes.  The gas  produced measured only 2.75 cc-atm, 
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a l l  of i t  being CO with no de tec tab le  H The d i s k  and some of the  sample 
had been e j ec t ed  from the  c ruc ib le  during the  run,  making a percent-conversion 
c a l c u l a t i o n  meaningless. 
2' 
A t h i r d  run  w a s  made using a f r e s h l y  b r ique t t ed  sample of the  same 
material weighing 0.0546 g, he ld  i n  the  c r u c i b l e  by a t i g h t - f i t t i n g  cap with 
a small  h o l e  as descr ibed above. Heating a t  2000 C fo r  10 minutes produced 
5.8 cc-atm of gas, o f  which 0.01 percent  w a s  H 
as H2 [55 ppmw a s  Mg(OH)2]. This r e l a t i v e l y  s m a l l  amount of  H may have been 
a "blank" value,  s ince  the  apparatus w a s  pumped f o r  only 1 hour with in f r a red  
hea t ing  a f t e r  loading the sample. Af t e r  pumping o f f  t h i s  gas,  the  c r u c i b l e  
w a s  heated a t  about 2000 C f o r  18 minutes and then a t  about 2700 C f o r  an ad- 
d i t i o n a l  1 2  minutes. No H w a s  de tec ted  i n  the  1.26 cc-atm of CO produced. 
Thus, a t o t a l  of about 7 cc-atm of CO was formed, about a 46 percent  conversion. 
t h i s  i s  equiva len t  t o  40 ppma 2' 
2 
2 # 
Note t h a t  more decompostion occurred a t  a lower temperature 
(2000 C )  and i n  a sho r t e r  time (10 minutes) than a t  temperatures of 2500 
t o  2700 C and t imes of from 10 t o  50 minutes, but  t h a t  i n  no case d id  the  
r e a c t i o n  go t o  completion, judged by the  quan t i ty  of CO evolved. 
the  r e a c t i o n  proceeds b e t t e r  a t  a lower temperature,  o r  p a r t  of the  products  - 
recombine i n  some way a t  the  higher temperature.  The la t te r  seems the  more 
probable explanat ion,  but  the nature  of t he  r e a c t i o n  i s  no t  known. 
Ei ther  
T h e l a c k o f  H i n  the  evolved gas was puzzl ing,  because a r e l a t i v e l y  
l a r g e  amount had been found i n  e a r l i e r  experiments. 
M-300 B-3,  BMI No. S-0460) had been found t o  have 12 .8  weight percent  Mg(OH)2. 
This  m a t e r i a l  w a s  b r ique t t ed  with g raph i t e  and a p e l l e t  weighing 0.0678 g 
w a s  placed i n  the  g raph i t ec ruc ib l ecapped  with a t i g h t - f i t t i n g  g raph i t e  
cap with a s m a l l  ho le .  It was heated f o r  1 hour a t  1700 C.  Whereas 15.9 
cc-atm of CO should have been produced (assuming 87 percent  p u r i t y  f o r  
the  MgO), only 5.24 cc-atm were found and no H w a s  de tec ted .  
The r e s u l t s  obtained using the Lepel u n i t  do no t  agree with the  
2 
A sample of MgO (Fisher  
2 
d a t a  obtained us ing  the Westinghouse u n i t .  
0.375 mHz and the  Westinghouse a t  about 0.450 mHz. Although t h i s  i s  not  a 
l a rge  d i f f e rence ,  i t  i s  possible  t h a t  the  d i f f e r e n t  frequency accounts f o r  
t he  lack  of H when the  Lepel u n i t  i s  used. To check t h i s  p o s s i b i l i t y ,  a 
The Lepel u n i t  opera tes  a t  about 
2 
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p e l l e t  of graphite-Mg0 (MgO was Fisher M-300 B-3, ca lc ined  a t  700 C i n  vacuum, 
BMI No .  91938) weighing 0.0555 g was loaded i n t o  the graphi te  c ruc ib l e  capped 
as before .  
a t  about 2800 C.  Larger diameter copper tubing was used f o r  the c o i l ,  al lowing 
b e t t e r  cool ing and the re fo re  continuous opera t ion  a t  f u l l  power, with some 
loss i n  maximum temperature a t t a i n a b l e  because fewer t u r n s  surrounded the  
c ruc ib l e .  The evolved gas, 6.18 cc-atm, had H equiva len t  t o  0.34 percent  
Mg(OH)2, and the  decomposition was 41 percent  of t h e o r e t i c a l .  The gas w a s  
no t  pumped out ,  l eav ing  about 5.5 cc-atm i n  the  apparatus .  Af t e r  2 hours  of 
hea t ing  a t  f u l l  power, only 2.99 cc-atm remained--a decrease of about 2.5 
cc-atm. 
compounds o ther  than CO and H could be de tec ted .  
opened, a res idue  weighing 0.266 g remained i n  the c ruc ib l e .  I f  one assumes 
t h a t  a l l  t h i s  w a s  g raph i t e ,  t h e  decomposition percentage was 96.2; i t  seems 
more l i k e l y  t h a t  p a r t  of the  res idue  w a s  MgO, and the re fo re  the  decomposition 
percentage w a s  between 41 and 96. 
of almost one-half of the CO upon prolonged hea t ing ,  an e f f e c t  mentioned 
. 
The sample was heated with t h e  Westinghouse iiriit f ~ r  3!2 mirri-ites 
2 
Heating the  s i d e s  of the v e s s e l  produced no add i t iona l  gas, and no 
When the  apparatus  w a s  
d 
2 
The important po in t  i s  the  disappearance 
above. 
with the  Lepel u n i t .  
Also, H was found while us ing  the  Westinghouse u n i t ,  b u t  not  2 
Laser-Beam Heating. Because so  many problems arose  us ing  induct ive  
hea t ing ,  and because the d a t a  werenot reproducible  o r  e a s i l y  i n t e r p r e t a t e d ,  
another  mode of decomposing the  MgO was explored. 
argon-ion l a s e r  was used a s  a heat  source t o  decompose MgO. 
a maximum output  of 1.0 w a t t ,  of which approximately 0.75 w a t t  was used 
i n  t h i s  experiment. A graphite-Mg0 p e l l e t  (Fisher  M-300, B-3, ca l c ined  
a t  700 C i n  vacuum, BMI No .  91938) was placed i n s i d e  an evacuated Vycor 
tube with a g raph i t e  support i n  the  bottom. This continuous l a s e r  d id  not  
produce s u f f i c i e n t  energy t o  decompose the  MgO. Mass spectrometr ic  a n a l y s i s  
of the  v e s s e l  conten ts  showed no d e t e c t a b l e  pressure  i n  the  conta iner  and 
the  spec t r a  were those o f  normal instrument  background. 
A Raytheon Model LG12 
This l a s e r  has  
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A pulsed ruby l a s e r  operating a t  6943 A and conventional mode was 
used on the  same sample .  Af t e r  approximately 50 shots ,  t he  gas conten t  of 
the  sample conta iner  w a s  analyzed. The gas produced contained approximately 
80 percent  CO and 20 percent  H with a t o t a l  gas conten t  of 0.06 cc-atm. 
Some hydrocarbons were a l s o  present ,  and the  amount of H i n  the  ves se l  
[equal t o  35.8 weight percent  of exceeded that expected f o r  the  
sample, which previous ly  had been found t o  have 5.8 percent  Mg(0H) The 
l a rge  carbon sample support  had not been degassed a t  an e leva ted  temperature,  




2 '  
This encouraging performance ind ica t ed  t h a t  ruby- laser  hea t ing  
might be the  so lu t ion  t o  the  OH determination. A sample conta iner  w a s  
designed having a qua r t z  o p t i c a l - f l a t  win$ow, a s p l i t - t u b e  g raph i t e  pedes ta l ,  
and a graphi te  holder  and open-end cap t o  clamp a b r i q u e t t e  of MgO-C i n  
p lace .  This b r i q u e t t e ,  made w i t h  the  Fisher  M-300, B-3 MgO, ca lc ined  a t  
700 C i n  vacuum, BMI No.  91938, and b r i q u e t t i n g  graphi te ,  w a s  about 2.8 cm 
i n  diameter and about 0.3 cm thick.  A l a rge  diameter was chosen t o  be 
c e r t a i n  t h a t  the  l a s e r  beam would s t r i k e  the b r i q u e t t e  and not  t he  r e t a i n i n g  
cap; t h i s  precaut ion proved unnecessary. c 
The assembly was pumped f o r  48 hours  and then heated f o r  2 hours  
with in f r a red  lamps ( the  Vycor wall  temperature w a s  285 C). The l a rge  
amount of H 0 and CO 
g raph i t e  and/or the  b r i q u e t t e .  Af te r  evacuation, the b r i q u e t t e  and i t s  
g raph i t e  holder  and cap were heated induct ive ly  f o r  1 minute a t  1000 C.  
This temperature could not  be maintained because the  e n t i r e  support  system 
coupled t o  the r f  c o i l ,  exposing the Vycor end cap and the  s tandard- taper  
j o i n t  t o  excessive hea t .  
hea t ing .  
H20,  5 2 ;  C02,  10; H2, 22; and CO, 16. 
came from the  massive g raph i t e  s t r u c t u r e s .  
apparatus  was moved t o  the  ruby-laser  s i t e .  
evolved indicated considerable  degassing of the  2 2 
A large amount of gas was evolved during t h i s  b r i e f  
The a n a l y s i s  of the  150 cc-atm produced w a s  ( i n  volume percent ) :  
A t  l e a s t  some of t h i s  gas probably 
The gas w a s  pumped out  and the  
Although the  preliminary hea t ing  w a s  not  as thorough as had been 
planned, the  g raph i t e  support  and the MgO-C b r i q u e t t e  probably were out- 
gassed s u f f i c i e n t l y ,  considering t h a t  i n  the  subsequent l a s e r  work only 
the  immediate a rea  h i t  by the  beam was heated t o  any apprec iab le  ex ten t .  
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The l a s e r  employed and the opera t ing  parameters were: Korad 
K - 1  ruby l a s e r ,  6943 A,  0.4-A l i n e  width, 1.4-cm beam diameter (focused 
t o  about 2.5 m a t  the t a r g e t ) ,  about 4 j o u l e s  output,  0.0005-second 
pulse  width, 100 percent  v e r t i c a l  p o l a r i z a t i o n ,  and 4300-v power s e t t i n g .  
Af t e r  10 sho t s  were made i n  one area,  t he  sample w a s  moved f o r  another 
10 sho t s  u n t i l  a t o t a l  of about 250 s h o t s  had been f i r e d .  I n  one a r e a  
about 60 sho t s  were f i r e d .  Cra te r  depths were of the order  of 0.8 rmn 
f o r  10 shots ,  and about 3 m f o r  60 shots .  
The evolved gas measured 1.13 cc-atm and had the  following 
composition ( i n  volume percent ) :  H2, 7.25; CO, 90.6; CH4, 0.40; C2H2, 
1.58; CH -CECH (propyne), 0.25; and u n i d e n t i f i e d  hydrocarbon(s) ,  about 
0.05. The CO i s  equiva len t  t o  1.84 mg of MgO, and the H i s  equiva len t  
t o  11.3 weight percent as Mg(0H) 
twice the value obtained by induction hea t ing  a t  2400 C .  
obtained i n  the  induct ion  hea t ing  i s  included, t he  t o t a l  weight percent  
of Mg(OH)2 i s  19.7. 
from t h e  sample; some may wel l  have come from the  massive g raph i t e  s t r u c t u r e  
a s  noted above. Fur ther ,  the H from the  induct ion  hea t ing  was not included . 
i n  t he  c a l c u l a t i o n s  because it was found a t  a h igher  l e v e l  than CO, implying 
t h e r e  was more Mg(0H) 
i n  agreement with any o the r  data .  
3 
e 2 
o r  7.9 atomic percent  as H2--about 
I f  t he  H20 
2 
However, i t  i s  no t  c e r t a i n  t h a t  a l l  the H 0 came 2 
2 
than MgO, a conclusion t h a t  c e r t a i n l y  would no t  be 2 
Another run  was made using a redesigned sample pedes t a l  of Lavi te ,  
a nonconducting m a t e r i a l ;  the  d i s t ance  from the sample t o  the o p t i c a l  
window was a l s o  increased t o  reduce t h e  fogging of the window. 
h e a t i n g  produced 0.13 weight percent H 0, induct ion  hea t ing  a t  1000 C f o r  
6 minutes produced H 
H 0 as such, and 600 l a s e r  sho t s  produced H equ iva len t  t o  only 0.03 percent  
Mg(OH)2. 
was 20.4 weight percent  Mg(OH)2. 
In f r a red  
2 
equiva len t  t o  20.4 weight percent  Mg(0H) 2 2 but no 
2 2 
The t o t a l ,  excluding the "free" water produced by i n f r a r e d  h e a t ,  
S t i l l  another run w a s  made us ing  only the l a s e r ,  165 sho t s ,  w i th  
no i n f r a r e d  or induct ion  hea t ing .  The H produced was equiva len t  t o  





It i s  i n t e r e s t i n g  t o  note t h a t  i n  t h i s  sample, BMI No. 91938, 
equivalent  of H2 found by induct ion hea t ing  i n  f i v e  cases  
2 the Mg(0H) 
va r i ed  from 4.8  t o  20.4 weight percent .  
a t  lower temperatures and (usua l ly)  over sho r t e r  times. It i s  a l s o  
i n t e r e s t i n g ,  and perhaps co inc identa l ,  t h a t  the  Mg(OH)2 found i n  the  l as t  
t h r e e  runs repor ted  above was 20.1 f 0.36 (s tandard dev ia t ion ) .  Also, i n  
one case  the  induct ion hea t ing  appeared t o  have removed a l l  the  OH, bu t  
o t h e r  experiments pointed t o  incomplete OH removal by t h i s  means. 
more work i s  needed t o  g e t  r ep roduc ib i l i t y  i n  the induct ion  technique, i f  
that  technique i s  used. A l t e rna t ive ly ,  i t  appears t h a t  the l a s e r  i s  capable 
of g iv ing  a r e l i a b l e  OH value,  based on q u i t e  l imi t ed  da ta .  
The higher  va lues  were obtained 
Clear ly ,  
e 
Mass Spectrograph 
Because the  spark employed i n  the  mass spectrograph breaks up 
any compound ( the  temperature i n  the  spark gap has  been est imated t o  be as 
h igh  a t  50,000 C ) ,  the  OH, no matter how i t  i s  bound i n  the  c r y s t a l  l a t t i c e ,  
should be seen as H, H2, o r  OH. 
1601H+1 a t  m/e 1, 2, and 17, r e spec t ive ly .  
powder and Ag ( 1  Mg0:2 Ag) the  7 
about 0.15 and 0.22, respec t ive ly ,  while the  same r a t i o s  us ing  P t  w i r e  
were 0.0009 and 0.098. This implied t h a t  the  OH w a s  a func t ion  of t h e  OH 
conten t  of the MgO. 
lH+ 1 + The poss ib l e  l i n e s  a r e  , H2 , and 
I n  spec t r a  of b r ique t t ed  MgO 
r a t i o s  were determined t o  be H2+ and OH+ 
H H 
+ 
A t  the  l e v e l s  of OH apparent ly  present  i n  the  powder 
17 + MgO (thousands of ppm), there  i s  no s i g n i f i c a n t  0 con t r ibu t ion .  But 
i n  some compacts the m/e 17 l i n e  g ives  r e s u l t s  approaching o r  below the  
expected 0 con t r ibu t ion .  Based on MgO (ignoring the Ag), 0 would be 
17 + 
expected t o  con t r ibu te  approximately 50 percent  of the  ions ;  of the  0 ions ,  
17 
Any determinat ion of OH a t  m / e  17  below seve ra l  hundred ppma i s  the re fo re  
out  of  the  ques t ion  unless  one can c o r r e c t  f o r  the  0 c o n t r i b u t i o n  or can 
r e so lve  l70+ from ( re so lu t ion  necessary = 4700) .  Very few spark- 
source instruments  can achieve t h i s  r e s o l u t i o n  rou t ine ly ,  which i s  beyond 
the  r e so lu t ion  of B a t t e l l e ' s  instrument.  Note t h a t  D r .  Leipziger ,  i n  h i s  
0 would be 0.037 percent ,  o r  about 190 ppma of the  t o t a l  Mg + 0 ions .  
1 7  
1 601H+1 
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F i n a l  Report (March 1966, Contract 950992, page 20), r e p o r t s  H va lues  
(presumably read from m/e 1 )  as low a s  15 ppmw (= 600 ppma) i n  compacts. 
I f  h i s  - r a t i o  were the same as  B a t t e l l e ' s ,  0.15, h i s  observed ppma a t  




The important quest ion,  and the one not  y e t  answered, i s ,  "Can , 
t he  i n t e n s i t i e s  of the  l i n e s  a t  m/e 1, 2, and 17  be r e l a t e d  t o  the  t r u e  OH 
con ten t  of the  sample?" D r .  Leipziger,  i n  h i s  work a t  Sperry Rand, t e n t a t i v e l y  
concluded t h a t  i t  w a s  poss ib le .  Ce r t a in ly  h i s  work on r e f r a c t o r y  meta ls  
proved t h a t  H, as determined a t  m / e  1, could be determined by t h i s  technique 
wi threasonableaccuracy .  H i s  values  f o r  H i n  two s o l i d  samples of MgO were 
600 and 1400 ppma i n  OP14 and OPl11 ,  r e spec t ive ly ;  B a t t e l l e  m a s s  r e s u l t s  
f o r  these same samples were 2000 and 600 ppma H, r e spec t ive ly .  The agreement 
i s  wi th in  a f a c t o r  of about three,  but the  r e v e r s a l  i n v a l u e s  obtained i s  
d i s tu rb ing .  
Thermal (quartz- tube graphi te -cruc ib le )  and m a s s  da t a  f o r  OP243 
were 650 and 50,000 ppma H, r e spec t ive ly .  For another sample, Fisher  
M-300 i s o s t a t i c a l l y  cold-pressed B-3 (BMI N o .  S-0460), the agreement w a s  
good, with the  thermal and mass valuesbeing180,000 and 200,000 ppma H, 
r e spec t ive ly .  
and m a s s  techniques.  
Sample OP366 showed 200 and 3,000 ppma H by the  thermal 
When the  MgO res idues  from the thermal analyses  were examined 
mass spec t rographica l ly ,  the  H value increased t o  30,000 ppma i n  the  case  
of OP366, and decreased t o  10,000 ppma f o r  OP243. 
understand why H o r  OH should increase i n  MgO during o r  a f t e r  the  thermal 
t reatment ,  as appears t o  have occurred i n  OP366. Adsorption from the  
atmosphere alone could sca rce ly  account f o r  such an increase ,  e s p e c i a l l y  
s ince  the  samples were protected from long exposure t o  the  atmosphere and 
were baked i n  the  spectrograph pr ior  t o  a n a l y s i s .  
It i s  d i f f i c u l t  t o  
The Fisher  M-300 B-3 ,  ca lc ined  i n  vacuum a t  700 C (BMI No. 91938), 
which had given values ,  i n  weight percent  of Mg(0H) of 11.3 t o  20.2 
by l a s e r  and from 4.8 t o  20.4 by induct ion  hea t ing ,  gave about 2.7 by 
the mass spectrograph. 
2'  
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U n t i l  a m a t e r i a l  can be analyzed with c e r t a i n t y  by another techni -  
que, i t  i s  impossible t o  determine whether or not the mass spectrographic 
technique i s  v a l i d  f o r  MgO, and which ion spec ie  i s  most s u i t a b l e .  
Opt ica l  Emission Spectrograph 
/ 
D r .  Leipold pointed out a r ecen t  a r t i c l e  t h a t  descr ibed  an emission- * 
spectrographic technique t o  determine H 0 or OH. 
wi th  s i l i c a  and arced i n  a l a rge ,  necked e l e c t r o d e  wi th  a cap similar t o  the  
"bo i l e r  cap" e l ec t rode  system. 
l i n e .  
A ground sample i s  mixed 2 
The OH bandhead a t  3063.6 A i s  the a n a l y t i c a l  
Prel iminary experiments u s ing  tQis technique f o r  Mg(0H) and two 2 
samples of MgO (Fisher M-300 B-3 i s o s t a t i c a l l y  cold pressed and OP366) 
were q u i t e  unsuccessful.  The i n t e n s i t y  of the bandhead w a s  weak, even 
with a drop of water added t o  the sample. The response w a s  very  poor and 
i n t e n s i t y  of OH l i n e  
weight of sample the re  w a s  a f a c t o r  of only four between the  r a t i o  
f o r  and OP366, y e t  the d i f f e rence  i n  OH con ten t  i s  a f a c t o r  of 
a t  l e a s t  s eve ra l  hundred. 
arced i n  s p e c i a l  e l e c t r o d e s  f ab r i ca t ed  t o  the dimensions given i n  the 
a r t i c l e .  A l l  s p e c i f i e d  condi t ions  were followed e x a c t l y  except t h a t  a 
po r t ab le  oven w a s  no t  used. Again, very  poor response w a s  noted a t  the 
OH bandhead, and no c o r r e l a t i o n  of i n t e n s i t y  ve r sus  OH conten t  was found. 
Even the minera ls  having high OH gave only a weak bandhead. 
be some opera t ing  parameter i n  the r epor t ed  technique t h a t  i s  being over- 
looked i n  the p re sen t  work. I n  any case,  the technique i s  no t  s u i t a b l e  
f o r  t h e  determinat ion of OH i n  MgO and w i l l  no t  be pursued f u r t h e r .  
The minerals used by Quesada and Dennen were 
There may 
I n t e r p r e t a t i o n  of Thermal Data 
Considering the d a t a  presented above, a poss ib l e  explana t ion  of 
t he  v a r i a t i o n s  i n  OH conten t  with the  method of de te rmina t ion  w a s  proposed 
* Quesada, Antonio, and Dennen,William H . ,  "Spectrochemical Determina- 
t i o n  of Water i n  Minerals and Rocks", Applied Spectroscopy, 21 (3) ,  
155 (May-June, 1967). 
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by D r .  Leipold. Loosely bound (physical ly  adsorbed) water can be removed 
simply by pumping. The i s o s t a t i c a l l y  cold-pressed Fisher  M-300 B - 3  reported 
above apparent ly  contained t h i s  type of water.  This sample gave off s o  
much water when pumped a t  room temperature t h a t  a good vacuum could not  
be reached. 
The second type of water may be considered t o  be t h a t  present  as 
As has  been repor ted  above, t h i s  water i s  q u a n t i t a t i v e l y  removed Mg(OH)2. 
a t  temperatures between 300 and 400 C.  
met r ic  ana lys i s  showed a sharp weight l o s s  a t  about 350 C, confirming the 
decomposition temperature given i n  handbooks. 
Bruci te  analyzed by thermogravi- 
A t h i r d  type of water may be present ,  although the experimental  
evidence i s  unc lear .  Perhaps the water r e l eased  by the  hea t ing  of MgO 
to  around 2000 C,  without decomposition, i s  a more t i g h t l y  bound water than 
adsorbed water or  Mg(OH)2 water ;  on the  o ther  hand, i t  may be e i t h e r  o r  
both of these  kinds of  water d i f f u s i n g  from the  i n t e r i o r  of the  s o l i d  
ma te r i a l .  This po in t  could be c l a r i f i e d  by a time-temperature study, but  
such a study seems r a t h e r  unnecessary inasmuch as whichever type of water 
th i s  is ,  i t  apparent ly  i s  not  the water of primary i n t e r e s t .  
d 
The water of i n t e r e s t ,  and t h a t  which i s  proving so d i f f i c u l t  
t o  determine, i s  the  water presumed t o  be present  i n  the  c r y s t a l  s t r u c t u r e  
as OH s u b s t i t u t i n g  f o r  0. 
MgO-MgOH system a r e  such t h a t  the OH cannot be removed without  ruptur ing  
the  o ther  Mg-0 bonds, then it  follows t h a t  orily i n  a few induct ion  and 
laser-beam hea t ing  experiments described above d id  the  OH l i b e r a t i o n  (as  H2) 
approach the  t r u e  value.  Cer ta in ly  the  d a t a  c i t e d  i n  these  experiments 
tend t o  confirm D r .  Leipold’s  content ion t h a t  there  i s  hydroxyl i n  MgO 
that  cannot be determined using conventional techniques.  
I f  t h i s  i s  t rue ,  and i f  the thermodynamics of the  
There i s  evidence t h a t  excessive hea t  o r  time reduces the  quan t i ty  
I n  one experiment almost h a l f  o f t h e g a s  evolved disappeared of gas evolved. 
a f t e r  an add i t iona l  hea t ing  period of 2 hours.  Because i t  w a s  no t  p re sen t  
as  a gas phase a f t e r  t h i s  heat ing,  i t  must have reac ted  t o  form some non- 
v o l a t i l e  compound i n  the cooler  por t ions  of t he  ves se l .  Such a r e a c t i o n  
i s  d i f f i c u l t  t o  imagine, even assuming t h a t  r e a c t i v e  Mg metal  i s  ava i l ab le .  
A study of where the  CO and H2 went would be i n t e r e s t i n g ,  bu t  hard ly  i n  
l i n e  with the ob jec t ives  of t h i s  program. 
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I n  summary, the  problem of  OH determinat ion i s  s t i l l  unsolved. 
ATidence has  been c i t e d  which shows t h a t  induct ion  h e a t i n g  i s  not  s a t i s f a c -  
to ry , '  and again t h a t  i t  i s  quan t i t a t ive .  The l a s e r  may be the  answer, 
and work so  f a r  has  been encouraging, bu t  r e p r o d u c i b i l i t y  and accuracy 
must be e s t ab l i shed .  I n  some experiments t he  induct ion  hea t ing  r e l eased  
s i g n i f i c a n t  amounts of H but i n  o the r  experiments almost no H was formed. 
It i s  not  c l e a r  a t  t h i s  t i m e  whether c a r e f u l l y  con t ro l l ed  induct ion  hea t ing  
of MgO i n  contac t  with C w i l l  remove a l l  t he  OH as H2, whether laser-beam 
h e a t i n g  w i l l  be a q u a n t i t a t i v e  technique t o  accomplish t h i s  purpose, o r  
whether n e i t h e r  technique can be developed s a t i s f a c t o r i l y .  The mass spectro-  
graphic  technique probably could be developed t o  g ive  r e l i a b l e  da ta ,  but 
only i f  one or  more MgO samples, whose OH conten t  i s  known accura te ly ,  
are ava i l ab le .  Fur ther ,  these standards must no t  change under reasonable  




Mass Spectrographic and Combustion Analyses 
Carbon i s  one of the impur i t ies  whose value i n  the F isher  M-300 
MgO va r i ed  by more than one magnitude, depending on the  technique employed 
t o  determine it .  The m a s s  r e s u l t s  were sca t t e red ,  bu t  as low as 300 ppma 
w a s  observed i n  the o r i g i n a l  powder, Batch 2 (BMI N o .  90940) .  Combustion 
C determinat ions were made on four samples of F i she r  M-300, and seve ra l  were 
subjected t o  var ious  hea t ing  and s torage  condi t ions .  
t h e  th ree  powder samples gave higher C va lues  than d i d  the  hot-pressed 
material .  Assuming t h e  accuracy of t he  combustion determinat ion ( i . e .  , i f  
complete recovery of C i s  r e a l i z e d  with the s o l i d  hot-pressed mater ia l  and 
i f  no pickup of C occurs  i n  t h e  powdered mater ia l ) ,  i t  w a s  observed t h a t  
i n  no c a s e ' s t u d i e d  w a s  t h e  powdered m a t e r i a l  lowered i n  C conten t  t o  the 
level of the as-received s o l i d .  The powders have C con ten t s  from 1000 t o  
27,000 ppma, and the hot-pressed compact (OP243) about  170 ppma. Further-  
more, t he  powdered m a t e r i a l  very quick ly  p icks  up C ,  even when s t o r e d  f o r  
b r i e f  per iods  i n  an Ascari te-containing des i cca to r .  When s to red  i n  a 




des i cca to r  over s o l i d  CO the pickup i s  even more r ap id  and shows no s ign  
of l e v e l i n g  o f f  a f t e r  3 hours.  When s tored  i n  a i r  with the  usua l  humidity 
p re sen t ,  the pickup of C a f t e r  21 days i s  i n  the  percent  range. 
2’ 
The conclusion t h a t  can be reached from these  experiments i s  t h a t  
C va lues  obtained i n  powdered samples, no matter how c a r e f u l l y  s tored ,  a r e  
probably of l i t t l e  value.  
m a t e r i a l ,  OP243, can one expect  to  g e t  reproducible  and v a l i d  r e s u l t s .  
This  sample was analyzed mass spectrographical ly ,  and 30,000 ppma were 
found. Another s o l i d ,  OP366, showed 400 ppma C by combustion and 3,000 
ppma C by mass spectrography. A s i n g l e - c r y s t a l  MgO from Oak Ridge gave 
70 and 600 ppma C by combustion and mass, r e spec t ive ly .  I n  powders, the  ’ 
agreement w a s  even poorer.  Three Kanto samples, BMI Nos. S-0429, S-0430, 
and S-0431 gave 2200, 570, and 7400 ppma C by combustion, r e spec t ive ly ,  
and 60, 2000, and 60 ppma C by mass, i n  the  same order .  With few except ions,  
the mass r e s u l t s  a r e  h ighe r  than combustion f o r  the  compact samples ,  and 
lower than combustion fo r  the  powders. 
Only with compact samples  such as the hot-pressed 
Monitoring of Released Gases 
The wide var iance  between the  combustion and the  m a s s  spectrographic  
r e s u l t s  f o r  C suggested t h a t  the source of C (MgCO ? )  was being deple ted  
by thermal decomposition during the  f i r s t  few exposures,  g iv ing  a f i c t i t i o u s l y  
low C r e s u l t  when read from t h e  l a t e r  exposures. 
by monitoring the gases  given off i n  the  source dur ing  the sparking of a 
Kanto MgO sample. A pa r t i a l -p re s su re  ana lyzer ,  a t tached  t o  the source 
pumping system, w a s  s e t  t o  follow the  amount of H, H 
produced a t  any given time. During sparking these  peaks increased g r e a t l y  
3 
This  hypothesis  was checked 
CO, and C 0 2  being 2’ 
over the  nonsparking background b u t  , r a t h e r  su rp r i s ing ly ,  they remained 
e s s e n t i a l l y  cons tan t  from the i n i t i a l  sparking t o  the l a s t .  This f a c t  
suggests  t h a t  uniform amounts of t hese  gases  (and t h e i r  precursor  compounds) 
a r e  being sparked during the ana lys i s .  Carbon i s  read a t  
t o  minimize the con t r ibu t ion  from 26Mg--this con t r ibu t ion  
13  +2 m/e 6-1/2 ( C ) 
26 +4 from Mg can 
I : .  
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c+l 25 +4 be est imated by not ing the i n t e n s i t y  of m/e 6-1/4 ( Mg ) .  The cf2 
f a c t o r  w a s  assumed t o  be 10, as t h i s  f ac to r  has  been found t o  be reasonably 
v a l i d  i n  o ther  analyses .  
To summarize the  C da ta ,  i t  has been shown t h a t  powdered MgO 
r a p i d l y  picks up CO from the  atmosphere, and therefore  the  combustion value 
obtained may be high.  The m a s s  spectrographic d a t a  a r e  much lower as a r u l e ;  
it i s  not  c l e a r  whether t h i s  i n d i c a t e s  a very l a r g e  s e n s i t i v i t y  drop f o r  C 
as compared with o ther  elements, o r  whether t he  bake and the  prespark 
employed i n  the  mass spectrographic  technique remove some C ( a s  CO ?) .  
I n  s o l i d s ,  the  higher  mass spectrographic r e s u l t s  ( r e l a t i v e  t o  combustion) 
suggest  t h a t  e i t h e r  the  combustion technique does not q u a n t i t a t i v e l y  l i b e r a t e  
the CO from s o l i d s ,  o r  t h a t  the  e f f e c t s  of the  bake and prespark i n  the  mass 
spectrograph a r e  no t  e f f e c t i v e  for  s o l i d s .  I n  metals  i t  has  been shown 
t h a t  blanks of the  order  of 1 ppma C a r e  poss ib l e  with a bake and prespark.  
Therefore,  t he re  seems no v a l i d  reason t o  assume t h a t  the mass r e s u l t s  a r e  




The t e n t a t i v e  conclusion i s  t h a t  the  combustion technique 
does not  determine the t o t a l  C,  even though the  temperature reached with 
3'  the  Fe acce le ra to r  i s  wel l  above the  decomposition temperature of MgCO 
Cross-Check Analaysis f o r  Other Elements 
I n  add i t ion  t o  the  mass spectrographic  technique, which e s s e n t i a l l y  
i s  un ive r sa l  i n  t h a t  every element can be de tec ted  with only a minor i n s t r u -  
mental adjustment, o the r  techniques were employed t o  s tandard ize  s p e c i f i c  
impuri ty  elements i n  MgO. 
more accura te  than the  mass spectrograph; s tandards can be prepared, blanks 
can be run, and i n  many cases  the sample can be handled as a so lu t ion ,  
thus  completely e l imina t ing  physical  d i f f e rences  between samples and s tandards.  
The l i m i t a t i o n s  of the  techniques vary,  but  i n  genera l  t h ree  problems a r e  
noted: l a rge  amounts of sample a r e  sometimes requi red  f o r  a s ing le  element 
determinat ion,  the  de t ec t ion  l i m i t s  may not be s u f f i c i e n t l y  good t o  analyze 
the  purer samples, and the  physical  form of the  sample may produce spurious 
e f f e c t s  i n  the ana lys i s ,  as i n  o p t i c a l  emission ana lys i s .  
The techniques descr ibed below are considered 
-30- 
The r e s u l t s  of these  analyses are shown i n  the t a b l e s  fol lowing 
the  t e x t  of t h i s  r epor t .  Only se lec ted  elements were analyzed--primarily 
elements of s p e c i f i c  i n t e r e s t  o r  elements whose accuracy by mass spectro-  
graphy w a s  quest ionable .  
Emission Spectrograph 
Three techniques were employed f o r  t he  emission spectrographic  
a n a l y s i s  of MgO. For impur i t i e s  above severa l  hundred ppm, t h e  s o l u t i o n  
spark was used because i t  i s  accura te  and i s  e a s i l y  s tandardized.  
lower level impur i t i e s  were determined by a r c i n g  a 15-mg mixture of  Mg0:C 
(1:l) i n  a Stallwood j e t  with flowing Ar-(33. 
technique used by D r .  Leipziger .  Ref rac tory  impuri ty  elements w a s  determined 
by a r c i n g  a mixture of Mg0:Ge:C = 1:9:10. I n  a l l  ca ses  syn the t i c  s tandards  
were used and the impuri ty  elements i n  the sample were determined by v i s u a l  
o r  microphotometric comparison with the s tandards.  
Most 
This i s  e s s e n t i a l l y  the  s a m e  
Chemical Analysis  
The techn,ques employed f o r  t h e  chem-:a1 Li te rmina t ions  were 
as follows: 
Carbon: 
Nitrogen: Kjeldahl us ing  Devarga's a l l o y ;  t i t r i m e t r i c  
S i l icon:  Dehydration w i t h  HC104; g rav imet r ic  readout  
Calcium: Atomic absorp t ion  
Fluorine:  Winter 's  method; t i t r i m e t r i c  readout  
Chlorine: Turbidimetric readout  w i t h  AgNO 
Sul fur :  Luke's method and combustion 
Potassium: Flame emission spectrophotometer 
Sodium : Flame emission spectrophotometer 
Combustion i n  oxygen us ing  an Fe a c c e l e r a t o r ;  




Analysis of Samples 
During che course of t h i s  research  p r o j e c t ,  many samples were 
analyzed mass spec t rographica l ly .  A l l  bu t  one sample was from J P L  v i a  
D r .  Leipold. The except ion was a s i n g l e - c r y s t a l  MgO from D r .  S ib ley  of 
Oak Ridge. A l l  samples were nominally MgO except a Mg(0H) powder sample 
and the  b r u c i t e  and magnesite samples used t o  e s t a b l i s h  thermal c h a r a c t e r i s -  ~ 
t i c s  of these compounds. 
Some samples a l s o  were analyzed a t  B a t t e l l e  by techniques o ther  
than mass spectrographic ,  and a few had been analyzed previously by other 
l a b o r a t o r i e s .  The agreement between techniques w a s  good f o r  some elements, 
l e s s  s a t i s f a c t o r y  fo r  o the r s .  But i n  almost no case  w a s  t he  spread a s  g r e a t  
as f o r  the  OH and C ,  d iscussed above. 
2 
e 
The d a t a  given i n  the  t ab le s  have, f o r  the  most p a r t ,  appeared i n  
previous r e p o r t s  under t h i s  cont rac t .  I n  a few cases  add i t iona l  da t a  have 
been added t o  t a b l e s  prev ious ly  reported.  
are included i n  t h i s  r e p o r t ,  although they have been summarized i n  the  t e x t .  
Not a l l  t a b l e s  prev ious ly  repor ted  
The d a t a  from other l a b o r a t o r i e s  were produced p r i o r  t o  the  beginning .  
of t h i s  research  and were taken from D r .  Le ipz ige r ' s  r e p o r t s ,  from J P L  
r epor t s ,  from sample con ta ine r s  (vendor 's  ana lyses)  and, i n  the  case of the  
s i n g l e  c r y s t a l ,  from an  a n a l y s i s  suppl ied by D r .  S ib ley .  I n  the mass 
spectrographic  da ta ,  t h e  no ta t ion  "sample not  baked" i n d i c a t e s  t h a t  the  sample 
may have contained a i r ,  H 0, o r  CO t h a t  might have been removed by baking 
under vacuum a t  about 150 C.  Therefore, the  H, C ,  and poss ib ly  N va lues  
may be high. The amounts of these elements found i n  most samples a r e  con- 
s ide rab ly  higher  than the blank of the  mass spectrograph 's  source. Thus, 
i t  i s  bel ieved t h a t  any e r r o r  introduced by not  baking i s  pr imar i ly  caused 
by the  sample condi t ion ,  n o t  by r e s i d u a l  gases  i n  the  unbaked source. 
Elements o ther  than H, C ,  and N should not  be a f f e c t e d  by baking. 
2 2 
I -  
I' - .  . 
II 
-32- 
CONCLUSIONS AND RECOMMENDATIONS 
The research reported above shows t h a t  most elements i n  MgO can be 
determined w i t h  f a i r  accuracy and t o  good de tec t ion  l i m i t s  us ing  the mass 
spectrograph. Cross-check d a t a  obtained by o the r  techniques a r e  u s e f u l ;  
fo r tuna te ly ,  chemical and o p t i c a l  emission procedures a r e  ava i l ab le  t o  
perform t h i s  task .  Two problems remain p a r t i a l l y  unsolved: s a t i s f a c t o r y  
procedures f o r  determining C and OH. More research  i s  needed before  these 
determinat ions can be considered s a t i s f a c t o r y ,  bu t  i t  i s  bel ieved t h a t ,  
wi th  s u f f i c i e n t  work, good techniques can be developed. The laser-beam 
and the  induct ion hea t ing  produce H from MgO. Some evidence i n d i c a t e s  2 
t h a t  lower temperatures (1000 C) a r e  b e t t s r  than the  h igher  temperatures 
(2000 t o  3000 C) because the  quan t i ty  of H2 seems t o  decrease as t h e  tempera- 
t u r e  i s  r a i sed .  On the  other  hand, the  decomposition of MgO i n  the  presence 
of C i s  q u i t e  slow a t  the lower temperature; i f  decomposition i s  requi red  
before  complete H evolu t ion  takes place,  then a compromise between the  
two f a c t o r s  must be reached. 
2 
It i s  recommended that t h i s  program be extended t o  o ther  advanced 
materials of importance t o  NASA and JPL.  The growing use of oxide and 
carb ide  systems f o r  extreme serv ice  could be aided were t h e  m a t e r i a l s  f u l l y  
charac te r ized  chemically.  Before t h i s  can be done, however, cons iderable  
development work on the  a n a l y t i c a l  chemistry of these  m a t e r i a l s  must be done. 
A s  r e f r a c t o r i e s  a r e  made more pure, and as the  importance of t r a c e  and ' 
d i f f i cu l t - to -de te rmine  impur i t ies  i s  recognized, i t  w i l l  no t  be adequate 
merely t o  apply c l a s s i c a l  methods of ana lys i s .  
b y r e s e a r c h e r s i n  the  pure metals ,  and i s  beginning t o  be recognized by 
ceramic research  personnel.  I f  t h i s  c u r r e n t  program, and o t h e r s  of a s i m i l a r  
nature ,  can be continued and even enlarged,  the  u s e f u l  a p p l i c a t i o n s  of  
advanced ma te r i a l s  can be expected t o  inc rease .  
This f a c t  has  been recognized 
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NEW TECHNOLOGY 
No r epor t ab le  items of new technology have been generated under 
t h i s  c o n t r a c t  t o  da t e .  
FUTURE WORK 
The problem a r e a s  pointed out  i n  the  experimental  work s e c t i o n  of 
t h i s  r e p o r t  w i l l  be s tud ied  i n  fu ture  research  on t h i s  p ro jec t .  Spec i f i ca l ly ,  
t h e  mass spectrographic  technique w i l l  be modified by means of  an i n t e r n a l  
s tandard,  spiked samples ,  and s e n s i t i v i t y - c o e f f i c i e n t  determinat ions so  
as t o  give g r e a t e r  accuracy. 
pursued with the  ob jec t ive  of a r e l i a b l e  technique. I f  t i m e  and funds 
permits ,  some of the  o ther  r e f r a c t o r i e s  inc luding  the Z r - C - 0  system may 
be s tudied.  
6 
The de te rmina t ion  of  OH and perhaps C w i l l  be 
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TABLE 2. ANALYSIS OF U N T O  MgO 
(PPma) 
~~ ~ 






































































TABLE 3 .  MASS SPECTROGRAPHIC ANALYSIS OF 
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(a 1 10,000. 
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(b) Not confirmed at 




TABLE 4 .  MASS SPECTROGRAPHIC ANALYSIS OF MgO 
(PPma) 
Sample 
BMI - 3 
3(=) JPL  
Element 1 (a )  2 (b) Run 1 Run 2 63 
H 
OH (d) 
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1,000. - -  
100. [1,000. ] 
1,000. [ lo ,  000. ] 














































4 . 2  
(a) As pressed .  
(b) 1010 C .  
(c) 1750 C .  
(d) Read a t  m/e 17. 
[ ] Sample n o t  baked. 
-38- 
TABLE 5. MASS SPECTROGRAPHIC ANALYSIS OF MgO 
(PPma) 
Sample Number 
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(a) Read at m/e 17. 





TABLE 6. COMPARISON OF TECHNIQUES FOR CERTAIN ELEMENTS 
IN FOUR SAMPLES OF MgO (FISHER M-300) 
(PPma) 
- I F Na Si S c1 K Ca 
Original Lot (BMI No. 90940) 
Bell & Howell (M) 4700. 
Sperry Rand (M) 110. 
Sperry Rand (E) -- 
Battelle (M) 100. 
Battelle (E) -- 










































































(M) Mass spectrographic. 




TABLE 7. ANALYSIS OF FISHER M-300 
(PPma) 
OP243 (a) Isostatic 
As Received After As Received (') 






































300. 85.  
300. 595. 
300. 8 .  
5,000. 2,680. 
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4 . 4  
200,000. 



















3 .  
3 .  
5 .  
3. 
2 .  
20. 
4 . 4  
0 .3  
~~ 
(a) BMI No. 91940. 
(b) Average o f  analyses of residues from quartz-tube,graphite-crucible Runs M - 6  
and M-7. 
( c )  BMI No. S-0460; cold pressed at 90,000 psi. 
(d) Quartz-tube,graphite-crucible data. 
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TABLE 9 .  COMPARATIVE ANALYSIS OF 
SINGLE-CRYSTAL MgO (a) 
(ppma) 
B a t  t e l l e  
Mass 
Run I, Run 2, Given 
Element A s  Received Etched Chemical Analysis 
H 
OH 





N a  
A 1  





C a  
T i  
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C r  
Mn 
Fe 
c o  
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4 .  
50.2 
2 .  






















d . 3  
1. 
a . 4  
(a) Boule No .  8 ,  from D r .  W .  A. Sibley,  Oak Ridge; 
material produced by W .  and C .  Spicer,  Ltd. ,  
BMI NO. S-0860. 
(b) On chunks; 134.  ppma on powder run  immediately 
a f t e r  crushing; 230. ppma on powder run 15 min. 
a f t e r  crushing. 
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